The issue of extrahepatic replication of hepatitis C virus (HCV) remains controversial. Although several groups of researchers have reported the presence of HCV negative-strand RNA, which is a replicative intermediate, in peripheral blood mononuclear cells (PBMCs) (11) (12) (13) , it has been shown that the reverse transcription (RT)-PCR used for detection of the viral negative strand lacks strand specificity (6) , and subsequent studies employing assays optimized for strand specificity failed to demonstrate the presence of the viral negative strand in PBMCs (5, 10) .
We have recently reported that HCV negative-strand RNA can be detected in various extrahepatic tissues from AIDS patients (8) and that the presence of extrahepatic HCV replication may correlate with changes in the 5Ј untranslated region (5ЈUTR) quasispecies composition at the involved sites (7) . However, as these studies were conducted on severely immunocompromised subjects, it is unclear whether the results are applicable to immunocompetent patients. In addition, appropriate control studies necessary to exclude the possibility that various tissues adsorb a subset of the circulating HCV population could not be performed.
In the current study, we analyzed HCV in autopsy tissues from three human immunodeficiency virus (HIV)-negative subjects who died of terminal HCV-related liver insufficiency and in PBMCs from five other patients with chronic hepatitis C. In addition to strand-specific detection of HCV negativestrand RNA, we compared the viral quasispecies composition at various sites assuming that in the presence of independent viral compartments, it could differ, much like that of HIV (1, 4) . Two different viral regions were analyzed: the highly conserved 5ЈUTR and the highly variable E2 envelope region.
Biological samples. Tissue samples were collected from three HIV-negative patients with end-stage HCV-related disease who died of liver insufficiency. Tissue samples were obtained during routine autopsies conducted within 48 h of death and stored at Ϫ80°C until analysis. Samples of the following tissues were collected: liver, bone marrow, mediastinal lymph node, pancreas, thyroid, adrenal gland, kidney, lung, spleen, and skin. RNA was extracted as described previously (8); 1 g of total RNA (as determined by spectrophotometry) was routinely used for RT-PCR.
PBMCs were collected from five HIV-negative, HCV-positive patients with chronic hepatitis. PBMCs were isolated by standard density gradient centrifugation. RNA was extracted from 5 ϫ 10 6 to 1 ϫ 10 7 cells (7) and dissolved in 30 l of water. Ten microliters of this RNA solution was used for RT-PCR.
Strand-specific RT-PCR with Tth. Tth-based RT-PCR detection of the HCV RNA negative strand was performed as described elsewhere (8) . This assay was capable of detecting about 100 genomic equivalent molecules of the correct strand while unspecifically detecting Ն10 8 equivalents of the incorrect strand.
Analysis of HCV quasispecies. Nested or heminested protocols were used to maximize the yield of the PCR product. Amplification of the 5ЈUTR was conducted with RT-PCR as previously described (7, 8) . The internal primers used were 5Ј-ACTGTCTTCACGCAGAAAGCGTC-3Ј (nucleotides [nt] 57 to 79) and 5Ј-CAAGCACCCTATCAGGCAGTACC-3Ј (nt 307 to 285).
The E2 region, including the hypervariable region, was amplified by using primers 5Ј-ASGGGGCTGGGA/GGTGAAA /GCAATAT/CAC-3Ј (nt 1882 to 1857) and 5Ј-CATGGGAT ATGATGATGAAC/TTGGT-3Ј (nt 1297 to 1320) for the first round and 5Ј-AGGCTATCATTGCAACCAG-3Ј (nt 1639 to 1620) and 5Ј-GCTGCTCCGGATCCCACA-3Ј (nt 1349 to 1366) for the nested round. Occasionally, other primers were used (2) .
HCV quasispecies were compared by the single-strand conformation polymorphism (SSCP) assay as previously described (9) . The HCV genotypes were determined by direct sequencing of the NS5 region (9) .
Detection of the HCV RNA negative strand. The presence of the HCV RNA negative strand was documented in all three liver samples and in pancreas tissue from subject A by using a Tth-based strand-specific assay. When serum-PBMC pairs were analyzed, the HCV RNA negative strand was not detected in any of the samples.
Analysis of 5UTR sequences in tissue samples. 5ЈUTR sequences of HCV were amplified from all tissue samples in each of the three autopsy cases (subjects A to C). SSCP analysis revealed the presence of identical band patterns in the majority of tissues from a given patient (Fig. 1) . However, sequences recovered from the pancreases of patients A and C and sequences recovered from the thyroid of patient B were different from all of the other samples from the same patients. These three disparate PCR products were further analyzed by sequencing and compared to the sequences recovered from the serum, the liver, and other tissues. As shown in Fig. 2 , viral sequences recovered from the pancreatic tissue of patients A and C and sequences recovered from the thyroid of patient B differed from the "master" sequence recovered from the serum, the liver, and other tissues by 2 to 16 nt.
Analysis of 5UTR sequences in PBMCs. SSCP analysis of the 5ЈUTR revealed the presence of indistinguishable band patterns from PBMCs and serum in three of five patients studied while the band patterns of patients 1 and 2 were different (Fig. 1) . The presence of identical and different viral sequences in PBMCs and sera was subsequently verified by direct sequencing of PCR products. In both cases, where SSCP band patterns from serum and PBMCs were dissimilar, the PBMC-and serum-derived HCV master sequences differed by 3 and 5 nt (Fig. 2) .
Analysis of the 5UTR of adsorbed virions. The following experiments have been carried out to exclude the possibility that human PBMCs and/or various tissues can concentrate a subset of the circulating HCV population differing in the 5ЈUTR. PBMCs were collected from a single HCV-negative donor and washed three times in phosphate-buffered saline (PBS), after which 5 ϫ 10 6 of the cells were incubated in 2 ml of serum from patient 2 and two other chronic hepatitis C patients. After 1 h of shaking incubation at 37°C, the PBMCs were separated from the serum, washed four times in PBS, extracted, and amplified as described earlier. Subsequent SSCP analysis did not reveal any differences between serumand PBMC-derived 5ЈUTR sequences (Fig. 3) . Even after the incubation was extended to 4 h, no differences were observed.
A similar experiment was conducted to check whether var- ious tissues could selectively adsorb subpopulations of virions differing in the 5ЈUTR. Tissue samples were obtained from an HCV-negative patient who died of cryptogenic cirrhosis. Samples (4 to 5 mg) of various tissues were incubated in the presence of RNase inhibitor (Rnasin; Promega) in 400 l of serum from subject B and from one other chronic hepatitis C patient. After 1 h of shaking incubation at 37°C, the samples were separated from the serum by centrifugation and washed several times in PBS. Subsequently, RNA was extracted and amplified. As seen in Fig. 4 , tissue-and serum-derived 5ЈUTRs remained identical. However, unlike in the PBMC adsorption experiments, the analysis could not be repeated by using a longer incubation time as this would eventually have led to degradation of the RNA.
E2 quasispecies analysis. The E2 region is typically highly divergent, resulting in the presence of multiple viral quasispecies. Since it encodes envelope proteins, it is the primary candidate for artifactual polymorphism related to adsorption, as different variants could hypothetically bind with various affinities to human cells. Accordingly, experiments identical to those for the 5ЈUTR were conducted in which HCV-positive sera were incubated with HCV-negative human tissues and PBMCs. As seen in Fig. 4 , even after a short 1-h incubation, E2 quasispecies amplified from a number of tissues differed from those present in the serum with which those tissues were incubated. However, since the tissues were not preserved intact, it cannot be excluded that these apparent differences were related to adsorption of virions to intracellular components. In this respect, incubation of HCV-positive sera with PBMCs, the integrity of which remained largely intact throughout the experiment, is more likely to provide clear-cut evidence of selective E2 quasispecies adsorption on the outer cell membrane. As seen in Fig. 3 , after 1 h of incubation, serum-and PBMCderived E2 sequences became different. The observed band pattern was reproducible. Thus, as human PBMCs and possibly various tissues apparently selectively adsorb viral subpopulations differing in the E2 region, the results of E2 quasispecies comparisons should be interpreted with caution. However, it is unclear whether sequences derived from adsorbed HCV would actually affect viral sequences already present in the tissue. Moreover, it cannot be excluded, although it seems unlikely, that some of the observed bands represent unspecific amplification products.
When the E2 region was amplified from tissue samples and PBMC-serum pairs, multiple differences were evident (data not shown). However, in the light of the above-described adsorption studies, it is unclear whether these differences were related to the existence of independent viral compartments.
Distribution of PBMC-and tissue-specific sequences. Several sets of specific primers have been designed with mismatches at the 3Ј end with respect to one or the other viral sequence. After optimization, the strain-specific assays developed were found to be capable of detecting the minor sequence in the PCR product even when it was present at a concentration of 1:10 6 relative to the other sequence. However, the 5ЈUTR sequences present in the pancreas of patient C were not different enough from serum-derived 5ЈUTR se- FIG. 3 . SSCP analysis of adsorption of HCV on PBMCs. Cells (5 ϫ 10 6 ) collected from an HCV-negative donor were incubated in 2 ml of serum (S) from patient 2 (lanes 1) and two other chronic hepatitis C patients (lanes 2 and 3) . After 1 h of shaking incubation at 37°C, the PBMCs (C) were separated from the serum, washed four times in PBS, extracted, and amplified as described in the text. quences to allow an efficient and specific PCR assay to be developed.
The pancreas-derived sequences of patient A were detected in lymph node, thyroid, and adrenal gland samples, while the thyroid-derived sequences of patient B were detected in lymph node, bone marrow, skin, and adrenal gland samples. By analysis of serial dilutions of the PCR products, it was determined that their titer was 2 to 3 logs lower than the titer of the major serum-derived strain.
The PBMC-derived sequences of patients 1 and 2 were not detected in serum. However, the serum-derived HCV RNA sequence was detected in PBMCs at a ratio of 1:10 2 to 1:10 3 with respect to the PBMC-derived sequence. The latter ratio likely represents the approximate ratio of cell-adsorbed to cellderived HCV RNA and suggests that, at least for PBMCs, the majority of the viral RNA is of cellular origin. In summary, by studying PBMCs and a wide range of autopsy tissues from HCV-infected immunocompetent subjects, we found that a number of samples contained 5ЈUTR quasispecies differing from those found in the liver or circulating in the serum. The presence of these tissue-unique sequences is compatible with independent viral replication at extrahepatic sites, although the lineage of the infected cells is unclear. Our results also suggest that PBMCs, and probably various tissues, can selectively adsorb viral subpopulations differing in the E2 region.
